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I. IN 1 BOB ACTION 



Hark smanship is a skill acquired through learnec appli- 
cation cf fundamental technigues peculiar to each weapon 
target scenario. A rifleman firing offhand at a tullseye 
practices treath control and an even trigger pull as the 
sight reticle dances in small ovals over the target 
mirroring the movement of the gunner's body. His goal is to 
keep the reticle moving around the desired impact point. He 
knows that he cannot keep the weapon perfectly still tut 
practice has taught him to anticipate the instant in time 
when an even deliberate trigger pull and perfect target 
alignment will occur simultaneously. This technigue allows 
some expert riflemen to place shot after shot into the 
target as accurately firing offhand as if they were firing 
from a bench rest. Seme would credit such performance with 
superhuman ability bet it is in fact a product of concentra- 
tion and the basic principles of rifle marksmanship. In 
this simple example the gunner is able to do well because he 
learns tc judge when his motion has characteristics that 
experience has taught him will produce the test shot groups, 
he has learned the rules of when to shoot . The simpler the 
weapon ana the task assigned to it the easier are these 
rules cf good marksmanship to catalog and verify. 
Onf ort unately many medern weapons and weapon systems do not 
fall into this category. The principles that lead tc the 
making cf an expert gunner who uses a computer assisted 
leading system and laser range finders all mounted cn a 
sophisticated platform and employed against mobile targets 
are net sc easy to define and harder to verify. Ir many 
instances the gunner himself dees not fully comprehend what 
principles he follows to do well, what aspects of target 
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motion he keys on when dec 
followed tezein suggest a 
accurate well controlled ex 
some principles of good ma 
can te inferred and can be 
through statistical aralysi 
The experiment which p 
ysis pitted a trained gun 
against a simulated iicving 
was a tank with a linear 1 
theory applies gun tube 1 
compensate for target mcti 
the round. The actual me 
complicated than this and 
ysis. It is relevant in t 
used in the experiment are 
degree/ hew to use the c 
achieve tetter hit performa 
to establish a relationsh 
target action when using su 
The target presented w 
grey screen and moved bac 
moving target simulator a 
The template or target path 
tion at time coordinates w 
given times of an actual t 
axis cf advance. This pos 
measuring lateral displace 
as it advances toward an o 
motion of the dot represent 
the actual target. In the 
ally cnly and range did not 
simulated in the magnitude 
Specifically, a true chang 



iding to shoot. The procedures 
method of doing so. Given an 
periment with clean relevant data 
rksmanship for a complex weapon 
given some degree of credibility 



s. 

revided the basis for this anal- 
ner in an actual weapon system 
target. The weapon system used 
ead fire control system which in 
ead against a moving target to 
cn during the time of fligtt cf 
chanics of this system are more 
are not the object of the anal- 
hat trained gunners such as these 
assumed to have learned, to seme 
haracteristics of this system to 
nee. A goal cf the analysis is 
ip between hit performance and 
ch a system. 

as a laser dot projected onto a 
k and forth on the screen by a 
ccording to a precise template. 

is a set of corresponding posi- 
hich represent the positions at 
arget as viewed along a general 
iticn at time plot is derived by 
ment of an actual target vehicle 
bserver. In this convention the 
s the apparent lateral metien of 
experiment the dot moved later- 
appear to change although it was 
cf the lateral motion of the dct. 
e in the lateral position cf the 
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target of twenty meters mi 
dot ten inches on the sere 
meters versus five irches o 
cf 20C0 meters. It eith 
would net change. Ihe phy 
precise curvature of the 
moved by the target to r 
Ihese procedures are net un 
the metier of the det ac 
lateral motion of a target. 

With these points in m 
can he described as fellows 
He is tcid that a pcint o 
screen which he views throu 
would view an object throu 
told tc track the target 
feels his tracking will giv 
the target. With these i 
crosshairs cn the laser dot 
cn the det which is acved b 
According tc his own criter 
the trigger, supposedly whe 
cf hitting the target. A 
determine if gunners have 
cf the target motion and i 
way . 



ght be represented by moving the 
en at a simulated range cf 1000 
n the screen at a simulated range 
er instance the size of the dot 
sics of this simulation involved 
screen and conversion of meters 
adians traveled on the screen, 
der study and it was assumed that 
curately simulated the apparent 

ind one trial of the experiment 
. A gunner is placed in a tark. 
f light will appear on the grey 
gh his target reticle much as cne 
gh a pair of binoculars. Ee is 
and to pull the trigger when he 
e him the best chance cf hitting 
nstructions the gunner puts his 
and moves the crosshairs tc stay 
y the machine as described above, 
ia the gunner periodically pulls 
n he feels he has the best chance 
major goal of the analysis is to 
seme selection criteria in terms 
f sc to describe it in a usable 



Eesults from sixteen trials like the one described were 
examined. Each of two gunners conducted two trials at four 
different ranges presented in random order. For each trial 
the times at trigger pull were recorded and a corresponding 
probability of hit was computed. For future reference it is 
emphasized that the time at trigger pull has a cne tc cne 
corr espcndence with the time in the target's motion history. 
By this fact the tarcet motion parameters in the 
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neighborhood of trigger pulls can be estimated as wi 
discussed later. The probability of hit was computed 
part cf the experiment using a bivariate normal distrib 
to account for round to round dispersion. 

The motion parameters provided by the experiment 
the first and second derivatives of the position at 
data which was used to move the target dot. As ea 
stated this position at time data has its origin i 
measurements taken from the movement of an actual t 
vehicle. To clarify this point, picture a target ve 
moving towards an observer. View this scene from 
overlaying a fixed coordinate system covering the limi 
the vehicle’s movement . Locate the observer on the x 
at seme point beyond the stepping point of the vehicle 
he can discern only lateral movement of the venicle. 
the y-axis represent the distance in meters to the righ 
or left {-) of the origin that the observer views 
target. let the x-axis represent the corresponding ti 
seconds at which the position observation occurs with 
zero being the vehicle’s starting point and time final 
the vehicle’s stopping point. Using this scenario r 
the position of the target vehicle at discrete time p 
and you will have dcplicated the raw data which ferme 
basis fer the movement of the target dot. The actual 
tion at time data used in the experiment was a refined 
cf this raw data consisting of a position measurement 
.01 second. A graphical plot of this data is show 
Figure 1.1 . Eear in mind that this plot represents 
21500 data points. To picture what gunners in the ex 
ment observed hold this graph canted at eye level and 
toward tie crigin from the end of the x-axis. Now visu 
this graph collapsed onto the y-axis and the p 
presented cne at a time in proper time seguence as a 
cf light cn a grey backgrcund. What you would see 
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point cf light moving back and forth with varying ranges of 
notion . This is what gunners in the experiment observed as 
the target notion. 

The apparent velocity of the target dot was computed by 
the experiment as tie first derivative of the position at 
time plot. The nathe ma tics of this computation are relevant 
to understanding the analysis. Given n position measure- 
ments and n corresponding times the difference between pairs 
cf adjacent measurements was computed. These computations 
give ( r — 1 ) changes in position over a corresponding change 
in time which allow computation of the instantaneous 

velocity estimates fen the periods covered, each of which is 
.01 second in length. The actual velocity estimates are 

centered, equally weighted, 31 point averages of the 
velocity estimates surrounding any given point. Using this 
method cf computation (n-31) velocity estimates were 
computed. A graphical representation of the target velocity 
computed by the experiment is shown at Figure 1.2 . As this 
graph shews, the velocity computed by the experiment was 
signed negative denoting right to left crossing cf the 
target dot and positive denoting left to right crossing of 
the target dot. The absolute value of this velocity repre- 
sents true velocity and is shewn at Figure 1.3 . 

The target’s true acceleration was computed as a part of 
the analysis as the first derivative of the target's true 
velocity and is shown at Figure 1.4 . The derivation of 

this data is addressed in the methodology section under 
motion parameters. Acceleration as computed for the experi- 
ment was net used as it did not readily correlate to 
conventional notation of vehicular acceleration. 

In summary the experiment pits two gunners in a series 
cf sixteen trials against a point target whose motion param- 
eters car he accurately established. The experiment records 
the time cf trigger pulls and accurately estimates the 
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gunners' performance at eac 
notion parameters in the n 
te determined. Since the o 
target dot it is assumed t 
moticn which motivates the 
seeks tc verify cr refute t 
supports the assumption the 
define what charact eristic 
gunner tc shoot. In add 
establish a relationship 
gunners' performance and th 



h event. Using these times the 
eighborhood of trigger pulls can 
nly stimulus is the moticn cf the 
hat there is some characteris tic 
gunner to shoot. The analysis 
his assumption . If the analysis 
n further effort will te made to 
s of target motion motivate the 
iticn the analysis will seek to 
or lack thereof between the 
e target motion at trigger pull. 
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Figure 1.1 Target Position at Time 
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Target Velocity at Time as Computed by the Experiment 
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figure 1.3 Target's True Velocity at Time. 




Figure 1.4 Target»s True Acceleration at Time. 



II. ANALYSIS METHODOLOGY 



A. CEGANJZ ATION OF TEE DATA FCfi ANALYSIS 
1 . Motion Parameters 

Tie data provided by tie experiment relating to 
target motion consisted of a time, position, and velocity 
data vector eaci containing 21540 elements. There is a one 
to one correspondence between vectors. If the first element 
in tie time vector is .25 seconds then the first element in 
the position vector is the target position at .25 seconds 
and tie first element in tie velocity vector is tie target 
velocity at .25 seconds and sc forth for each successive 
element in each vector. It is emphasized that all motion 
parameters are the apparent motion as observed by the 
gunner. 



The velocity vector was computed by the experiment 
as previously described. Eecall that the experiment 
provided a signed vector with the sign indicating the 
crossing direction of the target. True velocity was 
obtained as the absolute value of the signed velocity. True 
acceleration was obtained as the first derivative of true 
velocity. The procedure followed in this derivation dupli- 
cated the procedure used in the experiment to take the first 
derivative of the position vector. Given n estimates of 
true velocity the difference between adjacent estimates was 
computed. These changes in velocity divided by tie corre- 
sponding change in time provided (n-1) estimates of 
instartanecus acceleration. The actual estimates for accel- 
eration used in the analysis were 31 point, centered, 
equally weighted averages of the instantaneous estimates 
surrounding a given time. Under this method (n-31) 
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estimates for acceleration were computed. The resulting 
true acceleration vector was signed positive to dencte rate 
cf increase in velocity and negative to denote rate cf 
decrease in velocity cf the target. This vector addition- 
ally retained a one to one correspondence with the other 
motion parameter vectors. As a minor point the derivation 
provided nc estimate for the first sixteen or the last 
fifteen time periods. This prcved incon sequential as the 
periods were short with duration less than .16 seconds and 
no observations occurred near them. 

The majority cf the analysis was concerned with the 
true velocity and acceleration of the target versus time. A 
segment cf the estimates used for these values is shewn at 
figure 2.1 . It can he seen in this plot that the estimates 
used are reasonably accurate and conform to expected conven- 
tion. As the velocity estimate increases the acceleration 
estimate remains positive. When the velocity estimate peaks 
and has sere slope the acceleration estimate approaches zero 
as expected. As the velocity estimate decreases the accel- 
eration estimate remains negative. Extensive analysis and 
fitting cf these vectors, or curves as shown, might improve 
their accuracy marginally tut the analysis proceeded under 
the assumption that they provided sufficiently accurate 
estimates cf the target's true velocity and acceleration. 

In summary, the motion parameters used in the anal- 
ysis were signed velocity, true velocity, and true 
acceleration. It is again emphasized that these values, in 
vector form, represented the apparent motion as observed by 
the gunner. Each vector consisted of 21509 data elements 
with a ere to one correspondence to the time vector. Onder 
this convention any given time of a trial could be matched 
with a corresponding estimate for signed velocity, true 
velocity, cr true acceleration for the target at that time. 
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Figure 2.1 True Target Velocity and Accelerati cm at Time- 



2 . Gu p eer D ata 

The data provided by the experiment included the 
time at trigger pull and a corresponding probability of hit 
for sixteen trials. Each gunner conducted two trials at 
four different ranges giving a total of 2S5 observed trigger 
pulls as summarized at Table I . In addition to the data 
provided by the experiment, the target motion at trigger 
pull, at the time the gunner made the decision to sheet, and 
during the time the gunner formulated the decision tc shoot, 
were derived from the motion parameter data vectors. 
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TABLE I 

lata Organization 



Trial 


Gunner 


Range (Meters) 


Observati ons 


1 


1 


1000 








22 


2 


1 


1000 








1 6 


3 


1 


2000 








20 


4 


1 


2000 








29 


5 


1 


2500 








17 


6 


1 


2500 








25 


7 


1 


3000 








18 


8 


1 


3000 








21 


9 


2 


1000 








16 


10 


2 


1000 








19 


11 


2 


2000 








1 6 


12 


2 


2000 








17 


13 


2 


2500 








1 3 


14 


2 


2500 








17 


15 


2 


3000 








1 4 


16 


2 


3000 
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Total Observations - 


Gunner 


1: 


168 




Total Cbservations - 


Gunner 


2: 


127 


Total Ots 


ervations Gunner 


1 S 


2: 


295 



Note: Trial numbers are for reference only and do not 
indicate the order in which trials were conducted. 



The motion parameters of the target at the time of 
trigger pull were extracted directly from the data. Since 



there was a one tc cne 
vector and the motion para 
could be created which wou 
motion vectors fcased on 
vector. Fcr example, if 
5.21 seconds and 15.21 se 
521 and 1521 in the time ve 
then be selected from t 
target's motion parameter v 
Eecause of the size cf the 
at AEEENEIX A, was written 
Osing tie selection vector 
velocity, and true acceler 
for each trial were select 
vectors. For the sake of 
the signed velocity was act 
tion vector. Eere, as 
velocity was obtained as t 
velocity when needed. This 
applies whenever true veloc 
Ihe motion paramete 
gunner made the decision 
motion parameter vectors, 
field indicates that a subj 
with Jittle noise and a go/ 
a .2 second delay between 
execution cf that decision 
conditions faced by the gun 
this irtc account and allow 
shown at APEENDIX A, was w 
the desired motion vector 
seconds prior to each trigg 
cf these values. Ibis av 
estimate fcr the particular 



correspondence between the time 
meter vectors a selection vector 
Id select data elements from the 
times or positions in the time 
the gunner pulled the trigger at 
ccnds these represented position 
ctor. Element 521 and 1531 could 
he motion vectors to give the 
alues at these two trigger pulls, 
vectors involved a program, shewn 
tc create the selection vector, 
method the signed velocity, true 
aticn at the time of trigger pull 
ed directly from the appropriate 
exactness it is noted that only 
ually extracted using the selec- 
threughout the analysis, true 
he absolute value of the signed 
point will not be reiterated tut 
ity is addressed. 

rs cf the target at the time the 
to shoot were derived from the 
Research in the human factors 
ect faced with a visual stimulus 
no go decision has approximately 
the decision to act and manual 
£Bef. 1: p. 198]. These are the 
ners in this experiment. Taking 
ing fcr some variation a program, 
ritten which selected values from 
during the period .18 tc .22 
er pull and computed the average 
erage value was then used as the 
motion parameter in the 
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neighborhood of the decision point to shoot. In this manner 
the estimates for tie target's true velocity and accelera- 
tion at the time of decision tc shoot were derived from the 
data for each trial. 

The target's notion during the time the gunner was 
formulating the decision tc shoot was derived in a sinilar 
manner. A subject faced with a continuous visual stimulus, 
such as a moving target, can sample from the stimulus 
approximately once every half second [Ref. 2: pp- 61-63]. 
Thus, what an observer interprets from a visual stimulus 
will be a function of snapshots taken in half second windows 
of time which will hereafter be called sampling windows. 
Using this basis the gunners' sampling windows were defined 
as half second time segments begining .2 seconds prior to 
trigger pull. In this convention sample one was defined as 
the period .2 to .7 seconds prior to trigger pull and is the 
last sample the gunner took prior to making the decision to 
shoot. A program, shown at APPENDIX A, was written which 
selected values from the specified motion vector during any 
half second interval specified. The program averaged these 
values and this average provided the estimate for the motion 
parameter during the sample window specified. Using this 
procedure estimates for the target's true velocity and 
acceleration during the four sample windows prior tc the 
decision tc shoot were derived for each trial. These esti- 
mates were assumed to be the last four samples of the 
target's motion which the gunner observed prior tc making 
the decision to shoot. 

These are in summary the procedures used tc compile 
what is called the gunner data. To recap, the gunner data 
consists of the following. 

(1) Time of trigger pull. 

(2) Probability of hit at trigger pull. 

(3) The target's true velocity, signed velocity, and true 
acceleration at the time of trigger pull. 
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(4) lie target's true velocity and acceleration at the time 
the gunner made the decision to shoot. 

(5) The target's true velocity and acceleration during the 
time the gunner formulated the decision to shoot. 

3 • hot ion P ara me te r Cells 



The sample space for the analysis of target action 
is defined as all 215C9 estimates of target motion. An esti- 
mate of target motion in this context refers to the two 
dimensicral parameterization cf the target motion for any 
given irstant in time covering the duration of the trial. 
The two dimensions refered to are velocity, (signed or true) 
and true acceleration. Dsing this definition the distribu- 
tion cf the target motion can he plotted in two dimensions 
as shewn at figures 2.2 and 2.3 Each of these plots 
consists of 21509 points and in an abstract sense they 
represent the density of the target motion which the gunner 
observes. Looking at Figure 2.2 each point on the plot 
estimates the target's true velocity and acceleration during 
.01 second cf the total time history of 215.09 seconds. lo 
expand this concept consider all the points in the sguare 
labeled A on the plot. This sguare will hereafter be 
refered to as a cell or motion parameter cell. Assume you 
count the total number of points in this cell to be 407. 
Since you know there are 21509 total points you can compute 
the proportion that are in cell A as .0185. You can further 
state that the target displayed motion with velocity between 
10 and 12 meters per second and deceleration between 2 and 0 
meters per second sguared 1.65 percent of the time. In 
general, the denser the plot the more the gunner observed 
that ranee cf target motion. Ey grouping all the two dimen- 
sional estimates for the target motion into cells with 
boundaries cf velocity and acceleration, the target motion 
can be guantified. Using the same procedure for only the 
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target metier at gunner selections the target motion in the 
neighborhood of trigger pulls can be analyzed using several 
statistical techniques. A program, shown at APPENDIX A, was 
written which computes the cell counts for any selected 
boundaries of velocity and acceleration. This program was 
used to compute the action parameter cell counts for the 
sample space and the gunners' selections. 

E. A HAI5SIE OF TABGIT MOTION 

1 . Est abl is hing G unner Se lec tion Cr iteri a 

Ihe first step in the analysis of the target motion 
was to determine if there was statistical basis for stating 
that the gunners had any selection criteria at all. To do 
this, the assumption was made that the gunners' selections 
were random. Given this assumption certain characteristics 
should appear in the ebser vations, the existence of which 
can he tested using statistical procedures. If these charac- 
teristics do not appear then there is basis for assuming 
that the gunners' selections are not random but selective. 
This methodology was applied to two contexts of target 
motion. 

first, the analysis examined the question of a 
selection preference in the crossing direction of the target 
which was specified by the sign of the signed velocity 
vector. Through a counting process the proportion of 
elements in the signed velocity vector less than zero was 
determined to be p=.506. This gives the proportion of time 
the target crossed right to left. The proportion of time 
the target crossed left to right is (1-p) = -49 4 • Using 

these proportions the observed and expected values for 
gunner selections could be compared as shown at Table II . 
Kith the exception of the first trial at 2000 meters for 
Gunner one there appears to be no crossing preference for 
either gunner. All trials were tested against the 
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Figure 2.2 Hotion Parameter Cells 




DENSITY OF MOTION 
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Figure 2.3 Motion Parameter Cells Dsing Signed Velocity. 



assumption c£ nc preference using the test of proportions 
[fief- 3: pp. 528-534]- With the exception of ta e one trial 
noted, the results indicate no preference in crossing direc- 
tion for either gunrer with alpha egual .05 . Eased on 
these results further analysis assumed no preference in 
crossing direction. 



TIBI! II 

Crossing Preference Data 



Gunner 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 



Eange 

1000 


Total 

Obs. 

22 


1000 


16 


2000 


2 C 


2000 


29 


250 0 


17 


250 0 


25 


250 0 


18 


250 0 


2 1 


1000 


16 


1000 


19 


200 0 


16 


2000 


17 


2500 


13 


2500 


17 


3000 


14 


3000 


1 5 



Obs. (Exp.) 
fii^ht-Lef t 




Obs. (2xp .) 
Left-Bight 




Sane data - combining trials at the same range 



1 1000 36 

1 2000 49 

1 250 0 4 2 

1 2500 39 

2 1000 35 

2 2000 33 

2 2500 3 C 

2 3000 29 

Same data - combining 



21 (19) 
17 (25) 
19 21) 

1 7 20) 



1 

1 

2 

Note . 



ALL 166 
All- 148 
ALL 127 



16 

16 

15 

16 



74 

69 



18) 

17, 

15) 

15 



65 

75 




94 (83 

79 (73 
63 (63 



63 (64] 

AIL- excludes the first trial at 2000 meters. 
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lie second objective relating to selection criteria 
was tc assess whether the gunners had any overall preference 
in target motion. lid they screen out certain ranges of 
motion ard look for ethers as they engaged the target? Ibis 
guesticn was addressed by grouping the gunners' selections 
at trigger pull and the sample space into motion parameter 
cells and comparing the two distributions. In this manner 
one could observe the proportion of selections by the gunner 
in a certain range of motion against the proportion of 
epport unities available and assess whether or not an overall 
difference exists. Eecause of the small sample sizes for 
individual trials this portion of the analysis was conducted 
in two stages. 

In the first stage the observations for each trial 
were grouped into the motion parameter cells shown at Table 
III . A subjective analysis of this data suggests no 
significant difference between trials at the same range or 
between ranges with the same gunner. There appears tc be a 
significant difference between the two gunners however. 
This analysis was confirmed using a contingency table test 
[fief. 4; pp. 153-170]. The hypothesis of no interaction due 
to trials with the sane gunner could not be rejected. The 
hypothesis of no interaction due to trials between gunners 
was rejected at the .05 level. Based on these results it 
was assumed that trials within the same gunner could be 
combined with no significant degradation in the validity of 
the analysis. These results advised against any analysis 
based on trials combined between gunners. 

In the second stage the combined observations of all 
eight trials for each gunner were grouped into the motion 
parameter cells shown at Table IV as were the observations 
for the total target motion. Reading the table note that 
cell A for Gunner 1 has an entry of 6 for the expected 
number of shots. This value is computed as the product rp 
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TA EXE III 

Comparing Individual Trials 







Motion 


Parameter 


Cell 








Gunner 

1 


Ean ge 
1000 


A 

9 


B 

0 


C 

2 


D 

4 


E 

3 


F 

4 


Total 

22 


1 


1000 


3 


1 


0 


5 


3 


4 


1 6 


1 


200 0 


5 


1 


1 


5 


4 


4 


2 C 


1 


2000 


6 


1 


1 


7 


4 


10 


29 


1 


250 0 


6 


0 


1 


2 


3 


5 


17 


1 


2500 


8 


1 


2 


2 


4 


8 


25 


1 


500 0 


3 


1 


2 


4 


4 


4 


1 6 


1 


500 0 


5 


1 


0 


6 


2 


7 


21 


2 


1000 


2 


1 


2 


5 


3 


4 


17 


2 


1000 


2 


2 


4 


2 


0 


8 


18 




2000 


2 


1 


2 


1 


1 


9 


16 


2 


2000 


1 


1 


5 


2 


3 


5 


17 


2 


2 50 0 


1 


0 


3 


2 


1 


6 


13 


2 


2500 


1 


1 


3 


2 


4 


6 


17 


2 


5000 


2 


1 


1 


1 


3 


6 


1 4 


2 


5000 


0 


1 


3 


2 


4 


5 


15 


1 


1000 


12 


1 


2 


9 


6 


3 


38 


1 


2000 


1 1 


2 


2 


12 


a 


14 


49 


1 


250 0 


14 


1 


3 


4 


7 


13 


42 


1 


3000 


8 


2 


2 


10 


6 


1 1 


39 


2 


100 0 


4 


3 


6 


7 


3 


12 


35 


2 


2000 


3 


2 


7 


3 


3 


14 




2 


2500 


2 


1 


6 


4 


5 


12 


30 


2 


3000 


2 


2 


4 


3 


7 


11 


29 


1 


ALL 


45 


6 


9 


35 


27 


46 


168 


2 


ALL 


1 1 


9 


23 


17 


18 


49 


127 



Cell Eoua daries 




Cell Vel- 


Acel 


► • 


A 0-1 


-6 - 


0 


B 1-3 


-6 - 


0 


C 3-13 


-6 - 


0 


D 0-1 


0 - 


6 


E 1-3 


C - 


6 


F 3-13 


0 - 


6 



1 1 1 1 I l 1 L_ 

0 4 8 t2 

velocity 
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where n is the total number cf shots taken an d p is the 
proportion cf time tie target displayed motion delineated by 
cell A. If the gunner's shcts were random we would expect 6 
to occur in the range of motion delineated by cell A. 
Heading down the column we see the actual number observed in 
cell A at shot is 4, at decision is 2, during the first 
sample window prior to decision is 0,and so forth. Ibis 
data suggests that gunners do have a selection method 
because their observed choices differ substan tially frcir the 
expected number of choices fcr several cells. These overall 
distributions were compared to see if they were the same 
using the Chi Square Goodness of Fit test [fief. 4; pp. 
189-1S9]. The hypothesis that the two gunners randomly 
selected times to sheet from the available opportunities was 
rejected, fcr each gunner, at the .05 level. In addition, 
the hypothesis that Gunner 1 selected times to shoot it the 
same ways as Gunner 2 was rejected at the .05 level. Eased 
on these results it was assumed that gunners do have a 
selection method and that there is a difference in method 
between the two gunners. 

2 • Char act e r! z ing Target Motion 

Having established evidence that gunners do have 
some selection criteria, graphical analysis backed up by 
statistical testing wiere feasible was used to clarify what 
it is. The graphs shown at Figures 2.4 and 2. 5 show the 
target motion in the neighborhood of trigger pulls. Viewing 
these graphs in sequence frem sample 4 to 3 to 2 to 1 to 
decision to trigger pull re-creates the overall snapshots 
allegedly taken by the gunner during the 2.2 second time 
history leading up tc trigger pull. The graphs suggest an 
overall decrease in target motion during the time leading to 
trigger pull. The decrease in velocity is not so clear tut 
the acceleration changes dramatically from positive to 



TABLE IV 

Comparison of Distributions 



Gunner Selections verses Total Target Mot icr 

Motion Parameter Cell 



Gunner 1 


A 


E 


C 


D 


E 


F 


G 


B 


I 


J 


K 


1 


Expected 


6 


21 


3 


37 


12 


2 


43 


13 


3 


5 


20 




Ct served 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


At Shot 


4 


2 


2 


41 


10 


1 


28 


1 9 


4 


7 


38 


12 


Decision 


2 


2 


1 


33 


s 


3 


39 


24 


4 


1 


40 


1C 


Sa up le 1 


0 


3 


1 


30 


15 


2 


44 


27 


8 


1 


29 


1C 


Sanple 2 


0 


6 


3 


22 


27 


9 


47 


26 


12 


1 


12 


- 


Sanple 3 


0 


22 


10 


22 


34 


10 


44 


15 


4 


2 


3 


2 


Sanple 4 


1 


49 


12 


32 


17 


2 


35 


9 


3 


2 


4 


•C 



Gurner 2 
Expected 

CTs ervecl 



A 

4 



E 

16 



C D 
2 28 



E 

S 



F G 
2 33 



H 

S 



I 

3 



J 

4 



K 

15 



At Slot 


1 


7 


4 


10 


12 


a 


18 


15 


8 


0 


28 


16 


Decision 


0 


7 


8 


7 


14 


5 


2 1 


13 


13 


1 


2 8 


1C 


Sanple 1 


0 


15 


5 


8 


14 


6 


17 


18 


17 


3 


18 


6 


Sanple 2 


1 


24 


7 


9 


22 


12 


16 


12 


10 


0 


10 


4 


Sanple 3 


3 


37 


13 


13 


25 


5 


12 


9 


7 


0 


3 


2 


Sanple 4 


1 


48 


13 


18 


15 


3 


10 


8 


6 


1 


2 


2 



Cell 

A 

E 

C 

E 

E 

E 

G 

B 

I 

J 

K 

I 



Vel . 

0 - 1 
1 - 3 
3-13 
0 - 1 
1 - 3 
3-13 
0 - 1 
1 - 3 
5-13 
0 - 1 
1 - 3 
3-13 



Acel. 
■6 to -1 
■6 to -1 
■6 to -1 
• 1-0 
- 1-0 
- 1-0 
0 - 1 
0 - 1 
0 - 1 
1 - 6 
1 - 6 
1 - 6 
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negative as trigger full approaches. Id real terms this 
suggests that the gunners look for points where the target 
speeds up aDd then slews down taking the shot as the target 
approaches 2ero acceleration cr as it decelerates. Inis 
implies that gunners may be trying to match trigger pull 
with either constant velocity, 2 ero target motion, cr both. 

lo identify the specific ranges of motion preference 
for each gunner the proportion of total target moticr for 
each metier parameter cell was compared against the propor- 
tion selected by the gunner using the test of propertiers as 

As an example, the number of selections 
trigger pull is 38 as shewn in 



outlined in Duncan, 
in cell K by Gunner one at 
lable IV . 



The proportion of gunner selections in this cell 
is then 38/(168 = total selections) or *p = .2 26 . Ihe 

t 

proportion of total target motion in this cell is p = .115 . 
The hypothesis that p = ^ is then tested and rejected at the 
.05 level indicating strongly that the proportion of selec- 
tions in cell K by Gurner one is higher than expected. It 
is important to note here that gunner selections are assumed 
to be independent remembering that gunners did not have to 
make any selections. Gunners were told only to track the 
target and shoot wher they felt they could hit the target. 



cell for each time period from 
was examined to determine which 
cells had selection counts higher or lower than expected at 
the .C5 level or less. Figures 2.6 and 2.7 show the results 
of these tests. Bach figure shows regions of motion 
selected mere than expected as shaded areas while regions of 
motion selected less than expected are shown as cross 

All ether areas had the expected number of 
gunners avcid sharply increasing target 
motion and to a lesser degree sharply decreasing target 
motion. Beth gunners give strong evidence of looking for 
the target to decelerate or for acceleration to approach 



Dsing this procedure each 
trigger pull to sample 4 



hatched areas, 
selections. Both 



zero. Several differences between the two gunners are also 
evident. Gunner 2 has fewer shots than expected in the 
neighborhood of zero motion. Gunner 1 displays this 

tendency tut to a lesser degree. In addition. Gunner 1 has 

a narrower range of prefered motion than Gunner 2. 

Ihe boxplots at Figures 2.8 through 2. 13 clarify 
these statements further. In each of these figures the 
distribution of the particular parameter is shown in tcxplot 
format. £Eef- 5; pp. 58 - 62]. The box encloses roughly 
the inter guartile ranee of the data with a circle indicating 
the mean and an asterisk the median. The X at the end of 

the whiskers indicates the main body of the data, approxi- 
mately S5 per cent, while circles neyond the X indicate 
outliers. Figures 2.8 and 2.9 show the distribution of 
acceleration for Gunner 1 and Gunner 2 respectively. Ihese 
indicate that both cummers look for target acceleration 
followed by deceleration during the time leading up to shot. 
Figures 2.10 and 2.11 show the distribution of velocity for 
both gunners in the same format. During the period leading 
to trigger pull for Gunner 2, target velocity remains fairly 
constant with a slight increase followed by a slight 
decrease as trigger pull approaches. Gunner 1 displays a 

greater tendency to lock for decreasing velocity during the 
time preceeding trigger pull but the large number of 
outliers indicates that this may not be a very strong 
criteria by itself. Figures 2.12 and 2.13 show the magni- 
tude of motion in the neighborhood of trigger pull. This 
term is somewhat contrived tut logically so. The absolute 
value cf acceleration plus the velocity of the target are 
summed to give a relative indicator of how much motion the 
target displayed at a given time. By combining these two 
variables in this way motion will appear large if either 
velocity or acceleration is high and larger when both are 
high . 
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Figure 2-4 Gunner 1 Selections 
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Figure 2.5 Gunner 2 Selections 
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Figure 2.6 Gunner 1 Selection Method 
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Figure 2.7 Gunner 2 Selection Hethod 




There is a clear tendency 
target action, in this cont 
appears tc set tighter li 
allow tut has a larce num 
may he additional criteria 
which iniluence his decisio 
figure 2.14 shows t 
Gunner 1 made 168 shots, gi 
ability of hit. Gurrer 2 
for P2, his probability o 
proportion of PI or F2 valu 
between 2 erc and ore inclu 
falling at or below any gi 
mined from Figure 2.14 by 
reading the proportion fro 
PHI 1 value from the x-axis 
dotted lines on the figure 
1’s shots yield a PHIT valu 
of Gunner 2's shots .yield 
The plots and the statisti 
shoots mere of ter and dees 
shots. Gunner 1 shows 
achieving lew PHIT values. 

In summary tie sel 
follows. Ecth gunners look 
and deceleration or acc 
specific. There is a slig 
for decreasing velocity, le 
screen out sharply increasi 
statements are strongly su 
graphical analysis. As an 
seems tc anticipate targe 
enabling more of his shots 
zero target motion. 



for both gunners to seek reduced 
ext, at trigger pull. Gunner 1 
mits cn how much motion he will 
ber of outliers indicating there 
ether than strictly target motion 
n tc shoot. 

he performance for both gunners, 
ving 168 values for PI , his preb- 
made 127 shots, giving 127 values 
f hit. One can then denote the 
es less than or egual tc p for p 
sive. The proportion of shots 
ven value of PHIT can be deter- 
picking a point on the plot and 
m the y-axis coordinate anc the 
coordinate. In this manner the 
show that 50 per cent of Gunner 
e at or below .33 and 50 per cent 
a PHIT value at or o elow .22 . 
cs shown indicate that Gunner 1 
a slightly better job of picking 
a smaller proportion of shots 



ection criteria can be stated as 
for decreasing motion in general 
eleration approaching zero in 
ht tendency for Gunner 1 tc look 
ss so for Gunner 2. Both gunners 
ng or decreasing motion. Ihese 
pperted through statistical and 
intuitive observation. Gunner 1 
t motion better than Gunner 2 
to fall in the neighborhood of 
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GUNNER 1 - ACCELERATION IN NEIGHBORHOOD OF SHOTS 
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Figure 2.8 Distribution of Acceleration - Gunner 



GUNNER 2 - ACCELERATION IN NEIGHBORHOOD OF SHOTS 
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Figure 2-9 Distribution of Acceleration - Gunner 



GUNNER 1 - VELOCITY IN THE NEIGHBORHOOD OF SHOTS 
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Figure 2.10 Distribution of Velocity - Gunner 



GUNNER 2 - VELOCITY IN THE NEIGHBORHOOD OF SHOTS 




CN 



43 



Figure 2.11 Distribution of Velocity - Gunner 
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Figure 2. 12 Distribution of Motion - Gunner 



GUNNER 2 - MAGNITUDE OF MOTION IN THE NEIGHBORHOOD OF SHOTS 
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Figure 2. 13 Distribution of Motion - Gunner 
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dire 
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variable. 



least squares multiple regression was used t 
relationship Detween PHIT and the metien pa 
treated as the dependent variable and tc ue 



leration were used 
s. A constart ter 



as the carrier or ex 
was used in all cases 
red that the gunners would achieve some 
ater than zero given a stationary target, 
initions shewn in Table V will apply he 
g cn this table, X represents the vector of 
iables each being a vector with the same 
the dependent variable. XQ is a vector of 
stant tern in the regression. XI might be 
y associated with each PHIT value. X2 might 
celeration associated with each PHIT valu 
XN would be ether functions of the 

value. BETA 
being 



ted with each PHIT 
with EETAO 



BETA1 being the 
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ccity 
at cry 
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el of 
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cr th. 
ep en- 
nsion 
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TABLE V 

Variable Definition fer Hegression Models 



Dependent Variable: PHIT = Probability of Hit 

Independent Variables: X = XO or XI or ... XN 
XC = I = A Vector of Ones 
V = True Velocity Vector 
A = True Acceleration Vector 

Coefficients: 

EET A = EETAO, B E 1A 1 . . . . BETA N = Coefficients Vector 
EETAO = C = Constant Term 
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Figure 2- t 4 Distribution of PHIT - Ecth Gunners 



Since previous aralysi 
ences between gunners each 
In an iterative manner var 
variables were examined in 
model which would provide a 
terms cf acceleration and/ 
with linear and polynomial 
precluded the simplest of 
these forms do not ccnside 
data- FHIT is constrain 
inclusive- These models a 



values 


cutside 


this range 


family 


cf model 


s which 


s 


linear 


legisti c 


model is 





represent the dependence 
variables sc that the cons 
one inclusive is satisfied 
defined at Equation 1.1 and 



s consistently indicated differ- 
gunner was modeled separately, 
ious combinations of the carrier 
an effort to discover a simple 
reasonable predictor cf F H IT in 
or velocity. Initial efforts 
models yielded poor fits. This 
sclutions but was expected since 
r the constraints imposed by the 
ed to lie between zero and cne 
llcw the predicted PHIT tc assume 
. Logistic models represent a 
atisfy this constraint and the 
rhaps the simplest way to 
cf a probability on explanatory 
traint of lying between zerc and 
£Bef. 6: p. 18]. This model is 
was used with good results. 



log (FHIT/ (1-PHIT) ) = X x EETA 



(egn 2.1) 
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g to Table VI a 
process used w 
clumn one in thi 
cr the particul 
variable cceffic 
gression. Col 
and theoretic 
that the coeffi 
mn five indicate 
ion and cclumn 
explained by th 
tor used here an 
xample, A*2 mean 



more detailed explana tion cf the 
ill clarify the results wnich 
s table indicates the independent 
ar model while column twc indi- 
ient as computed by the linear 
umns three and four provide the 
al T-value used to test the 
cient is zero with alpha egual 
s the F-significance ( 1-alpha) of 
six indicates the percentage of 
e regression- Of general note is 
d elsewhere to denote expcnertia- 
s the square of A. 
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TABLE VI 



Selecting the Eest Logistic Model-1000 Meters 



Gurner 1 


1000 Meters 


Logistic 


Model 






X 


EETA 


I-Stat 


T-. 05 


F 


R*2 


I 


1.67 


4.22 


2. 04 


1.0 


. 889 


V 


23 


.75 








V* 2 


.02 


. 64 








A 


-.8 9 


1. 47 








A* 2 


- 1. 47 


7.54 








1 


.94 


1.69 


2.03 


1.0 


.656 


V 


.09 


.69 








A 


3. 53 


8.60 








I 


1. 43 


4.76 


2.03 


1.0 


.884 


Vx A 


-. 06 


1.02 








A*2 


- 1. 27 


13.77 








1 


1. 21 


2. 56 


2.03 


1.0 


.703 


Vx A*2 


-.05 


1. 15 








A 


2. 8 2 


5.23 








I 


1. 46 


4. 99 


2.03 


1.0 


.867 


A 


-. 17 


1. 32 








A* 2 


- 1. 44 


7.75 








1 


1.47 


4. SS 


2.03 


1.0 


.88 1 


A*2 


-1.28 


16.32 









Gunner 2 


1000 Meters 


L cgistic 


Model 






X 


EETA 


T-Stat 


T-.05 


F 


E*2 


I 


. 96 


3. 22 


2. 04 


1.0 


.669 


V 


-. 0 1 


. C3 








V * 2 


-.0 1 


.51 








A 


-1.68 


12. 14 








A*2 


- .78 


1 1. S3 








I 


. 16 


. 26 


2.04 


. 98 


.234 


V 


-. 14 


1. 34 








A 


-.97 


2.99 








I 


.69 


2. 54 


2.04 


1.0 


.760 


Vx A 


-. 26 


7. 57 








A* 2 


-. 73 


9.04 








I 


.39 


1. 18 


2.04 


1.0 


.635 


Vx A *2 


-. 12 


6. 24 








A 


-1. 59 


6. 43 








C 


.66 


3. 24 


2.04 


1.0 


. 867 


A 


- 1.66 


11.33 








A*2 


-.77 


12.73 
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least sguares regressio 
shown at Eguation 2.1 with 
in cclumr one yielded the 
looking at the first aodel 
apparent that velocity ha 
variable. Looking at all 
overall appears to be the 1 
in this mccel demonstrates 
explained ty the model is 
arrived at by eliminating 
little effect in previous 
first model gives a bigge 
terms. In this model the 
significant effect and can 
The same procedure was us 
arriving at a similar best 
variables. These models 
significant effect on the v 
with deceleration having 
This effect is diminished f 
amplified fcr values greate 
The fact that velocity had 
the models examined is 
suggests that the system fi 
cn PHIT at this range. T 
but the analysis now provid 
that it does. 

A similar analysis was 
range with the results show 
the best models for each 
iterative analysis of vari 
variables V and A. These 
not filter cut the effects 
range as evidenced by the 



n using the linear logistic model 
the explanatory variables shewn 
statistics shown in Table VI . 
for Gunner 1 it is readily 
s little effect as a predictor 
the models for Gunner 1 the best 
ast model. The carrier variable 
nenzero effect and variability 
high at .881. This mcdel was 
carrier variables shown to have 
iterations. As an example the 
r R*2 value because It has mere 
V and V*2 terms demonstrate no 
be removed with little effect, 
ed for Gunner 2 coincidentally 
fit mcdel in terms of the carrier 
suggest that acceleration has a 
ariability of PHIT at this range 
a greater effect for Gunner 2. 
or acceleration less than ere and 
r than one meter/ second-sguared. 

no discernable effect among all 
perhaps more important. This 
Iters out the effects of velocity 
he system is supposed to do this 
es objective testimony suggesting 

conducted for each gunner at each 
n at Table VII . These represent 
range and were obtained through 
cus combinations of the carrier 
models imply that the system dees 
cf velocity as well a t increased 
emergence of velocity terms as 
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significant at longer ranges. Comparison of these models 
shows Gunner 1 tc be more affected by velocity than Gunner 2 
and Gunnex 2 to be less affected in general by target action 
than Gunner 1. The different effects of velocity cn Gunner 
1 were clarified somewhat by examination of residuals which 
showed most outliers to lie at high values of velocity, 
looking at figures 2.10 and 2.11 we see that Gunner 1 had a 
fair number of filers with velocity in the range of 8 to 12 
meter s/seccnd while Gunner 2 had none. The greater effect 
could therefore be explained by the fact that Gunner 2 
screened out the cause in selecting when to shoot whereas 
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It does suggest 

that ether factors net considered such as tracking ability 
and motivation may have greater effect on Gunner 2 than on 
Gunner 1. 

Tc unify the description of probaba 
gunners ever all ranees a common model 
the cases. This model includes both l 
for both gunners. Table VIII provides 
gunners. from this it can be seen that 
variability in PHIT caused by target me 
acceleration. For beth gunners at alJ 
is a significant detractor frem performance, 
indicate that high values of acceleration oj 
have a detrimental effect on EBIT while values 
have little effect. The emergence of the A term as 
significant at 3000 meters suggests a greater effect of 
deceleration and smaller values of acceleration at this 
range for Gunner 1 and at all ranges for Gunner 2. This 
judgement is partially explained by both gunners' propensity 
to select mere in this range. 
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TABLE VII 

Gunner 1 and 2 Best logistic Models 






Gunner 


1 






T-.05 






Gauge 

10C0 


X 


B E 1 A 


I-Stat 


F 


R*2 


I 


1. 47 


4. 58 


2.03 


1.0 


.881 




A *2 


-1.28 


16.32 








20C0 


I 


. 4S 


.75 


2.03 


1.0 


.698 




V 


-.42 


2. 55 










A *2 


-1.85 


7.78 








2 5 C 0 


1 


. 20 


.45 


2.02 


1.0 


.858 




VxA 


. 24 


3. 65 










A *2 


-1 . 14 


8.6 1 








3000 


I 


-. £8 


.55 


2.03 


1 .0 


. 873 




V 


-. S7 


5. 50 










A 


-1.51 


3.33 










A *2 


-1. 67 


8.98 








All 


I 


. 4 5 


1.48 


1.98 


1.0 


.746 




V 


-.38 


4.38 










A 


-. 68 


2.13 










A *2 


-1.64 


3.4 1 









Gurner 
Bang e 
10C0 


2 

X 

I 

A 

A *2 


BE 3 A 
-68 
-1.66 
-.77 


T-Stat 

3-24 

1 1.33 
12.73 


T-.05 

2.04 


F 

1 .0 


H*2 
. 867 


2000 


I 

A 

A *2 


- 1.66 

-3. 5 C 
-2. 67 


1.86 
4. 1 9 
6.51 


2.04 


1 .0 


. 586 


2 5 C 0 


I 

A 

A *2 


-3.26 
-1. 58 
-1.22 


2.84 

2-29 

4.60 


2.05 


.999 


.443 


3 0 CO 


I 

V 

VxA 
A *2 


-1.62 
-.76 
-.21 
-. 56 


.50 
2.95 
2.47 
4.3 1 


2.06 


.999 


. 486 


All 


I 

V 

VxA 

A*2 


. 23 
_ cc 

- U 20 
-.36 


.32 

5.13 

6.05 

9.40 


1.98 


1.0 


.472 



Figures 2.15 and 2.16 show these logistic models plotted 
in the applicable rarge of motion for each gunner. These 
plots were constructed by solving for p in Eguaticn 2.1 
giving ar equation for p in terms of acceleration anc the 
regression coeff icients. Osirg the regression coefficients 
in Table VIII p was then plotted over the range of accelera- 
tion observed by the gunner giving the symmetric, bell 
shaped curves shewn. These models indicate a narrow range 
of acceleration withir which any appreciable chance of hit 
can be expected. The band width of acceleration within 
which hits can be expected generally decreases significantly 
past 1000 meters and is considerably wider for deceleration 
for Gunner 2. Gunner 1 appears to be equally sensitive to 
acceleration and deceleration since his fitted curves are 
pretty well centered at acceleration equai to zero. 

Examination of residuals for these models shewed an 
irregular cyclic pattern which on closer examination 
followed the increase and decrease in target motion. Ir the 
hopes of achieving a better fit with this model the target 
motion data was sectioned into one of three categories of 
change, defined nominally as slow, medium, and fast. The 
selections keyed on acceleration with the general rule that 
target acceleration less than one meter/second sguarea was 
defined as slow, acceleration greater than two meters 
/second sguared was defined as fast and accelerat ler between 
these two values was defined as medium. The time frames for 
each range of motion are in Table IX while Figures 2.17 
through 2.2C show these sections visually. 

Using this sectioning the A, A*2 logistic model was 
applied to each gunner for each section at each range with 
the results shown at Table X . The first column in this 
table indicates the three sectioned models for each range. 
Reading across for the slow model at 1000 meters for Gunner 
1 the second column indicates that the constant term had 
significant effect with a coefficient value of 1.46 as 
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TABLE VIII 

Gunner 1 aid 2 A, A*2 Logistic Models 

Gurner 1 



Barge 

10C0 


X 

1 

A 

A *2 


BETA 
1.46 
-. 17 
-1. 44 


I-S tat 
4.99 
1. 32 
7. 75 


T-. 05 
2. 03 


F 

1.0 


2 *2 (Eest) 
.887 


20 CO 


I 

A 

A *2 


-.33 

-.47 

-2.03 


. 55 
. 84 
7. 97 


2.01 


1.0 


.5 6 1 (. 696) 


2 5 C 0 


I 

A 

A *2 


-. 12 

. 8 S 

-1.17 


. 24 

1. 39 

4. 90 


2. 02 


1.0 


.8 1 8 (.8 5 6) 


3 0 C 0 


I 

A 

A *2 


- 1 . 7 S 
-1.23 
-1.95 


2. 57 
2. 06 
8. 13 


2.03 


1.0 


.7 63 (-873) 


All 


I 

A 

A *2 


-.23 

-.49 

-1.7C 


. 75 

1. 47 
13. 19 


1.98 


1 . 0 


.7 16 (.746) 


Gurner 
Barge 
1 0 CO 


2 

X 

I 

A 

A*2 


BETA 

.66 

-1.66 

-.77 


T-Stat 
3. 24 

11. 33 

12. 73 


I-. 05 
2. 04 


F 

1.0 


H *2 (Eest) 
.867 


20 CO 


I 

A 

A *2 


-1.66 
-3. 5 C 
-2.67 


1. 86 
4. 19 
6. 51 


2. 04 


1.0 


.5 66 


25 C C 


I 

A 

A *2 


-3.3 6 
-1.56 
-1.32 


2. 84 
2. 29 
4. 60 


2. 05 


. 999 


.4 43 


30 CO 


I 

A 

A *2 


-5.6 3 
-2.4 7 
-1.3C 


4. 15 
1. 99 

3. 20 


2. 06 


. 99 1 


.3 09 (.486) 


All 


I 

A 

A*2 


-2.9 2 
-1.9C 
-1.35 


4. 15 

4. 66 
8. 45 


1. 98 


1.0 


.3 66 (.47 2) 



Note; B*2(Best) refers tc the R*2 value obtain ed with 
the test models as shown in Table VII . 
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computed by the regression. The third column indicates that 
the A term had no significant effect for this model. The' 
fourth column indicates that the A*2 term also had no 
significant effect fcr this model. The fifth column labeled 
F indicates that the F-signif icance (1 -alpha) for this model 



TABU IX 

Sectioning of Target Acceleration 



MOTION DEFINITION AT TIME 

Time (seconds) Slow Moderate Fast 

0-3 x 

3 - IS x 

IS - 35 x 

35-60 x 

60-66 x 

66 - 100 x 

10C - 112 x 

112-138 x 

136 - 162 x 

162 - 170 x 

17 C - 183 x 

163 - 212 x 



is .2 6 . The sixth column is the B*2 value for this iicdel 
and the last colunx indicates the number of observa- 
tions (shcts) falling in the slew range of target mcticn. 
The sectioned models are for the most part not significant 
as predictors. Most cf the coefficients are not significant 
and where they are the variability explained by the model is 
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17 sectioning of Target notion 
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Figure 2.18 Sectioning of Target Motion - 55 - 110 Seconds. 
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Figure 2.19 Sectioning of Target Motion - 110 - 165 Seconds. 
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figure 2.20 Sectioning of Target Motion - 165 - 215 Seconds 



to the dependent and/or carrier variables or some type of 
pattern in lost cases. The two exceptions to this rule are 

the fast ncdels for both gunners at 1000 meters. Ihese 
models show high levels of significance witn non-zerc coef- 
ficients and high E-sguare values. They additionally 
display patternless residuals. Figure 2.21 and 2.22 shew 
the plotted eguatiors for all models with F-signif icance 
greater than .95 . These sectioned models generally indi- 
cate a narxew range cf acceleration within which any chance 
cf hit can be expected. This range is generally wider for 
deceleration but there are exceptions to this rule for 
Gunner 1 whe as with previous models appears to be equally 
sensitive tc acceleration and deceleration as evidenced by 
his fitted curves being centered at acceleration egual to 
zero . 

Analysis of variance data for the total and sectioned A , 
A*2 mcdels is contained in Table XI . The first column in 
this table indicates the Gunner, the range and the source of 
variation. MEAN indicates variation due to the grand near, 
EEG. indicates variation due tc regression, RZSD. indicates 
variation due to residuals, and TOTAL indicates total varia- 
tion. Columns two and three under the heading TCTAI(for 
total ursectioned A, A*2 model) indicate the sum of 
squares (SS) and mean square (MS) error for each scurce for 
each model. Similar entries under the heading SLOK indicate 
the sum cf squares and mean square for the slew sectioned A, 
A*2 model. Entries under the heading MEDIUM and FAST are 
for the respective sectioned A, A*2 model. This data gener- 
ally shews an increase in mean square residuals with an 
increase in range or an increase in target motion. The fast 
model for Gunner 1 at 1000 meters shows a relatively geed 
fit. Cc closer examination however the mean square resi- 
duals for this model are worse than for the total model 
indicating a looser fit even though explained variability 
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TABU X 

Sectioned Model - A , A*2 



Gurner 1 

Barge EITA = 0 (alpha 
1 0 CO I A 



slew 

Died. 

fast 


1.46 

yes 

yes 


yes 

yes 

yes 


2000 
slew 
me o. 
fast 


yes 

yes 

yes 


yes 

yes 

yes 


2 5 CO 
slew 
me d . 
fast 


yes 

yes 

yes 


yes 

yes 

yes 


3CC0 
slew 
me d. 
fast 


-.2 1 

yes 

-10.12 


yes 

yes 

yes 


All 
slew 
me d . 
fast 


.34 

yes 

-8.81 


yes 

yes 

yes 


Gu re er 

Eacge 

10C0 

slew 

med. 

fast 


2 

EITA = 0 
I 

1.45 

yes 

yes 


( alpha 
A 

yes 

yes 

-1.83 


2000 
slew 
med. 
f ast 


.2 1 

-.52 

-.40 


yes 

yes 

-1.73 


2 5 CO 
slew 
med. 
fast 


yes 
yes 
-5. 0 6 


yes 

yes 

yes 


30C0 

slew 

med. 

fast 


yes 
yes 
-8. 92 


yes 

yes 

yes 


All 

slew 

med. 

fast 


2. 44 
yes 
-4.45 


yes 

yes 

-1.93 



.05) 

A*2 


F 


E*2 


Ob. 


y es 


. 28 


. 05 


15 


yes 


. 18 


.06 


9 


1.77 


1.0 


. 878 


14 


-.95 


. 99 


. 56 


17 


yes 


. 45 


. 10 


14 


yes 


.24 


. 04 


18 


-.40 


.99 


. 52 


16 


yes 


. 70 


. 33 


9 


yes 


. 99 


. 73 


17 


2.26 


. 99 


. 55 


15 


yes 


. 54 


.40 


6 


yes 


. 89 


. 25 


18 


1.02 


. 99 


. 15 


65 


yes 


.65 


. 06 


38 


yes 


. 02 


. 00 


67 



= -05) 



A*2 


F 


R*2 


Ob 


yes 


. 15 


. 05 


9 


yes 


. 03 


. 01 


6 


1.69 


1.0 


. 942 


20 


yes 


. 53 


. 32 


7 


yes 


.69 


. 45 


7 


2.37 


.99 


. 54 


19 


yes 


.71 


.71 


5 


yes 


• 88 


. 65 


7 


1.05 


. 97 


.36 


18 


yes 


.71 


.71 


5 


yes 


. 45 


. 45 


5 


:9c 


.89 


. 23 


19 


yes 


.03 


.31 


26 


1.85 


-95 


. 24 


25 


1. 09 


1.0 


. 30 


76 
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Figure 2.22 Plotted Sectioned k, A*2 Mcdels-Gunner 



remaiES hich. The fast mo 
site ir that the sectione 
residuals iEdicating a ti 
variability. Of mircr int 
residual fcr Gunner 1 at 20 
secticE model. This is ju 
trend which goes with this 
from the models must he 
assumptions for regression 
ysis shows them to he weakl 
models tend to amplify the 
this trend combined with 
and should not be ignored, 
squared as a significant 
trend which should net be 
by previous analysis in tha 
cut this factor which the 
from performance. The fin 
the models is the ccnspic 
explanatory variable. Her 
important because it sugg 
filters cut the effects of 
pronounced at close range 
Gunner 1. The models furt 
there is seme threshold of 
cannot be expected. Thi 
sensitive to deceleration, 
anticipate target motion be 
ating or they can track bet 
combination of both these f 



00 



trial. 



2 


show 


s the 


eppo- 


all 


er 


mean s 


guare 


hi 


gher 


expl 


aired 


ump 


in 


mean s 


guar e 


the 


tot 


al and 


fast 


nal 


dep 


ar ture 


from 


re 


suit 


s one 


craws 


qua 


lifi 


er s . 


The 


and 


inf 


or mal 


anal- 


so 


me c 


as es . 


The 


t ween 


gunner 


s and 


is 


is 


sigrif 


icant 


ce 


OX i 


cceler 


ation 


ria 


tie 


is an 


ether 


is 


a is 


o supp 


or ted 


ers 


see 


m to s 


creen 


ral 


s h 


ow de t 


racts 



ignored. Th 
t trained gi 
models in ge 
al salient point brought forth by 
uous absence of velocity as an 
e what the models do not say is 
ests that the total gun system 
velocity. This trend is mere 
and more so for Gunner 2 than 
her indicate that for each gunner 
acceleration beyond 
s threshold appears 
This suggests that 
tter when the target is deceier- 
ter in this condition or a 
actors. 



which hits 
to be less 
gunners can 



66 



T ABIE 21 



A NOVI - Sectioned Models, Gunner 1 and 2 

Total Model SS/MS Sectioned Model SS/MS 

Gunner 1 

10C0 TOTAL SLOW MEDIUM PAST 



SCUBCE 


SS 


MS 


SS 


MS 


SS 


MS 


S S 


MS 


MIAN 


12 




33.1 




4. 2 




176 




BEG. 


136 


36 8 


.037 


.018 


. 4 


. 18 


545 


272 


BESD. 


S 4 


2.7 


.637 


. 053 


5.7 


.95 


76 


6.9 


1CTAL 


8 42 


22 


34 


2. 25 


10.3 


1 . 14 


79 7 


57 


2 0 CO 


















MEAN 


629 




.0 




22.4 




373 




BEG. 


1147 


57 4 


.7 


.33 


18. 6 


9.3 


29 


14.6 


BESD. 


569 


12. 8 


.5 


. C 4 


160 


14.6 


76 0 


50.6 


TCTAI 


23 64 


48.2 


1.2 


. 07 


20 1 


1 4. 4 


2 161 


120 


2 5 00 


















MEAN 


549 




.6 




3.3 




1208 




BEG. 


1162 


58 1 


.5 


.25 


. 7 


.33 


552 


276 


BESD. 


259 


6.7 


.4 


.04 


1. 3 


. 22 


204 


14.5 


TCTAI 


1 S 70 


47 


1.5 


. 10 


5.3 


.59 


1964 


116 


3000 


















MEAN 


1616 




3.0 




4. 8 




3171 




BEG. 


1213 


659 


.8 


.42 


1.0 


. 5 


40.6 


20 .3 


BESD. 


4 10 


11.4 


.7 


.06 


1.5 


.5 


121 


8.1 


TCTAI 


3245 


86 


4.5 


.30 


7.3 


1.2 


3332 


185 


All Eanqes 
















MEAN 


2234 




2.2 




13.2 




5179 




BEG. 


1916 


958 


5.7 


2. 5 


12.3 


6. 1 


. 5 


.25 


BESD. 


21 


26.8 


33 


.55 


199 


5.7 


30 76 


48 


TCTAI 


7521 


59.2 


41 


.65 


224 


5.8 


8256 


123 


Gunner 


2 
















Total 


Model 


SS/MS 






Sectioned Model SS/MS 


10C0 


TOTAL 


SLOW 


MEDIUM 


FAST 


SC0ECE 


SS 


MS 


SS 


MS 


SS 


MS 


S S 


MS 


MEAN 


.3 




19.6 




1. 7 




8.6 




BIG. 


210 


105 


.0 


.01 


. 0 


.02 


198 


99 


BESD. 


32 


1 


.4 


.07 


2. 9 


. 95 


12 


. 7 2 


TCTAI 


242 


6.9 


20 


2.23 


4. 6 


.76 


2 18 


1 1 


2000 


















MEAN 


6 45 




. 35 




. 28 




1 123 




BEG. 


775 


387 


.01 


.002 


.41 


. 20 


459 


229 


BESD. 


54 3 


18 .3 


.01 


.002 


.50 


. 12 


385 


24 


TCTAI 


1 568 


59.6 


.37 


.052 


1.2 


. 17 


1966 


104 


2 5 CO 


















MEAN 


1030 




.03 




134 




11 65 




BEG. 


590 


29 5 


.01 


.005 


171 


85 


290 


145 


BESD. 


740 


27.4 


. 00 


.002 


90 


23 


571 


34 


TCTAI 


2260 


78.7 


.04 


.009 


395 


56 


1966 


109 


3000 


















MEAN 


1673 




1.4 




63 




21 02 




BEG. 


394 


197 


.2 


. 1 17 


6 1 


31 


154 


77 


BESD. 


633 


34 


. 1 


. 048 


76 


38 


492 


3 1 


TCTAI 


2950 


102 


1.7 


.353 


200 


40 


2748 


145 


All Bances 
















MEAN 


2 140 




5.3 




87 




33 40 




EEC-. 


4567 


2283 


.5 


.27 


122 


61 


10 53 


526 


BESD. 


1813 


10. 5 


16 


.7 1 


392 


18 


2504 


24 


TCTAI 


8521 


50.7 


22 


. 86 


60 0 


24 


6898 


91 
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III. CCfiCIOSICNS AND BECOMMENDATIOBS 
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bcrhcod of trigger pull. The 
d with this specific purpose in 
rai] suggested as an interesting 
after review of the results in 
Originators of the experiment felt 
tion would provide insight into the 
d gunneis proficient and so it has. 

He analysis provides statistical, objective basis for 
the statement that trained gunners have a selection criteria 
and it gees a long way in clarifying just what they do and 
do net lock for in terms of target motion as they pick 
shots. The analysis characterizes target motion during the 
period when gunners formulate the decision to sheet and 
indicates that they generally look for a pattern of 
increasing followed ly decreasing acceleration with deceler- 
ation, cr acceleration approaching zero being the prefered 
parameter values just prior to trigger pull. Velocity dees 
not appear to be a significant determinant of when gunners 
shoot except that they elect not to shoot as often as 
expected (assuming random selection) at very high or very low 
velocity cr more appropriately extremes cf the 
velocity they observe. This was intuitively 
expected since the faster a target moves the harder it is to 
hit, generally speaking. 

These general guidelines vary between the twe gunners 
examined suggesting that hard and fast rules may net produce 
the best overall results among many different gunners. In 
general Gunner 1 has a more stringent criteria for prefered 
target motion yet he fires mere often suggesting he dees not 



values cf 
range of 
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track as long on average tc pick a shot. Intuitively he 
appears tc anticipate the targets motion and ambush the 
target within his prefered range of motion. If the general 
goals cf the two gunners are the same then Gunner 1 achieves 
the gcal of shooting during deceleration better than Gunner 
2 with slightly tetter hit performance teing the result. It 
does appear however that bcth gunners seek acceleration 
approaching zero and in this respect Gunner 2 does slightly 
tetter. The technigues are different and what works fcr one 
gunner right net werk for another. In any event the 
achieved results are very close and either emphasis or 
combination thereof night work well for any given gunner. 

In an attempt tc tetter quantify these findings hit 
performance was modeled in terms of target motion using the 
logistic regression. This exersize proved most significant 
in what it did not show. for the many models examined 
target velocity was found to have no significant effect at 
ranges up tc 1000 meters and inconsistent effect, no effect 
or minimal effect at longer ranges. Contrasting this the 
models demonstrate that acceleration has significant and 
consistent effect on hit performance at all ranges. This 
would suggest that the trained gunners* selection criteria 
is basically sound and that the gun system, the gunner, or 
both effectively filter out the effects of velocity on hit 
performance, particularly at close range. 

These results suggest that training procedures which 
develop the gunners' ability tc discriminate target acceler- 
ation would improve hit performance. Among the most simple 
procedures would be to teach gunners to look for head cn, 
tail cn, or oblique crossing target silhouettes as opposed 
to a perpendicular crossing target silhouette. Since 
trained gunners were able to pick out these types cf motion 
without benefit of a target silhouette in the experiment it 
is prcbable that simulators could be designed to mimic good 
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and lad types of tarcet motion thereby building ard rein- 
forcing good shot selection habits in other gunners. Ihe 
simulator used in the experiment might even be suitable for 
this purpose other constraints not withstanding. 
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APJliCIX A 
COaPOTEB EBOGBAaS 



The 2E1 function ’IN’ takes a small vect 
trigger full and locates their position in 
vector of time. The result is a vector of 
egual in length to the large vector with ones 
positicr cf a time from the small vector 
vectci. lie small vector must he ordered, 
must have all entries significant to the same 



or of times at 
a much larger 
zee os and ones 
indicating the 
in the large 
Both vectors 
decimal place. 



vihco: 

7 R*-A IN B ; STOP- ; COUNT ; COUNT2 » temp ; HOLD 
Cl] ftA IS THE VECTOR OF TIMES AT TRIGGER PULL 

C2] MUST BE ORDERED FROM LOW TO HIGH 

C3] ft* I s THE TOTAL TIME VECTOR 

C 4 ] STOPt-f ft 
C5] count 4*o 
C6] COUIIT2H 

C 7 ] HOLD*. ( iffl ) =B 
C8] COUNT (-COUNT + 1 

C9] COUIIT2fCOUNT2 + l 
CIO] TEMPf ( COUNT* ( COUNT2fA )) =B 
C 1 1 ] HOLPfHOLD+TEHP 
C12] -»5x (COUHTfSTOP 

C 1 3 ] R<-HOLD 
7 

C 1 4 ] . 
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lie Ail function 'DECISION* taxes a small vector of 
times at trigger pull and computes the average velocity and 
acceleration during tie period .18 to .22 seconds prior to 
each tiie. Times nest be crdered. The overall time, 
velocity, and acceleration vectors must be in the workspace 
as must tie function 'IN'. 



Cl] 

C21 

N 

C31 

c 

C41 

ION 

C51 
C61 
C 71 
C 8 1 
C 9 1 
£101 
cm 

C 121 
C 1 3 1 
C 1 4 1 
C 1 51 
C 1 6 1 
C 1 71 
C 1 8 1 
Cl?l 
C 20 1 
C211 
C 22 1 
C 23 1 
C241 
C 25 1 



C 26 1 



7DECI SION[ 0] 

7 R(-CECI5IOH X 

fl X IS THE TIME OF TRIGGER PULLS A 1 - D I M E N S I O W AL VECTOR, 
ftTHIS FUWCTIOW COMPUTES THE AVERAGE VELOCITT AMD ACCELERAT I O 

fl AT TRIGGER PULL MINUS ,ig SEC TO TRIGGER PULL MINUS ,22 SE 

((THESE AVERAGES ARE USED TO REPRESENT VELOCITT AND ACCELERAT 



ft A T TIME OF DECISION TO PULL THE TRIGGER, 

ft NOTE X MUST BE X <- X £ i X ] OR ORDER TIMES FROM LOW TO HIGH 

T «-(X-0. 18) 

TSELf T IN TIME 

flUSE NEXT LINE WHEN DOMAIN ERROR OCCURS DUE TO OVERLAP 
ftTSELp ( TSEL2.1 ) 

ft NOTE FUNCTION 'IN' MUST BE PRESENT IN THE SAME WS 




TEMPAf ( ( I0TSEL) /MACEL) 
Vf ( V+TEMPV ) 

Af ( A+TEMPA ) 

I <- I + 1 

-tt-OOPx \ ( I£4 ) 



VHVr 5) 

•=*P(A-r5) 

ftV AND A ARE THE AVERAGE VELOCITY AND ACCELERATION 
((FROM TP ( TRIGGER PULL)-, 22 TO Tp -.18 
Rf 1 REASSIGN V AND A' 

<7 
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lie API function 'SAMPLE' takes a small vector cf times 
at trigger full and computes the average velocity and accel- 
eration during any half second interval specified. limes 
must he ordered. The overall time, velocity, and accelera- 
tion vectors must he in the workspace as must the furction 
•IN' . 



Cl] 

£21 

£31 

£41 

£31 

£61 

£71 

£31 

£91 

CIO] 

cm 
C 1 2] 
C 1 3 ] 
C 1 4 ] 
CIS] 
C16] 
C 1 7] 
C 18] 
Cl?] 
C 20 ] 
C2 1 ] 
C22] 
C 23] 



75AMPLE[0] 

V R <- H SAMPLE X 

R N IS THE TIME PRIOR TO TP THAT STARTS SAMPLE WINDOW 
R IF N = ,2 THE AVERAGES RETURNED WILL BE FOR THE FERIOD 
R TP - , 2 ( DECISION POINT) TO TP -,7 OR ONE SAMFLE PERIOD 

R PRIOR TO THE TIME OF DECISION TO FULL 

ft X IS THE VECTOR OF TIMES AT TRIGGER PULL - THIS VECTOR 
ft MU S T BE ORDERED FROM LOW TO HIGH 

T«-<X-N) 

T5EL(-T IN TIME 

ftNOTE FUNCTION 'IN 'MUST BE PRESENT IN W5 




I <-1 

LOOP ‘ TEMP V<- ( ( IqTSEL)/VEL) 

TEMP6(-( ( l0TSEL)/NACEL) 

V<-(V + TEMPV) 

A<-(A + TEMFA) 

n-i-*-i 

->LOOF'X\(Ii49) 

v «■*'■«■ 50 

A4-AH-50 

ftV AND A ARE THE AVERAGE VELOCITY AHD ACCELERATION 
ftFROM TP (TRIGGER PULL ) — N TO TP - ( N + , 5 ) 

Rf 'REASSIGN V AHD A' 

7 
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Ihe program • flCTEBOB* computes the number cl data 
points in a cell and the proportion of data points in a 
cell. The cell boundries are specified by the user in the 
vectors ACEH and VCE1I. The overall time, velocity / and 
acceleration vectors must be in the workspace. 



7 PLOTPPOB eg] 

9 R <- V PLOT PROP A 

C1D ^COMPUTES THE NUMBER OF DATA POINTS IN A CELL A N D THE 
Z 21 ^PROPORTION OF DATA POINTS IN A CELL 

C3] flUSER. DEFINES ACELL AND VCELL WHICH ARE THE CELL BOUNDRIES 
ZA1 ftACELL AND VCELL MUST BE TO THE 3 D DECIMAL (DATA IS TO 2 D DE 
C I MAL ) 

[53 CTOTf^O 
Z61 ALf If ACELL 
[73 ARfltHACELL 
[83 ATOTfAL 

[93 i<-o 

[103 LooP2:JfO 

C123 VRf-l tl4,VCELL 
[133 VTOTfVL 
[143 ATOTfATOT , AR 

[153 LOOPJCIJf + /( ( (V>VL) A( V<VR) )a( (A) > AL)a(A_<AR) ) ) 

[163 CTOT f CTOT f C I J 
[173 04-0+1 

[183 VL+VR 
[193 VTQT r VTOT,VL 

[213 4 LOOP X \ (*J< ( (fVCELL)-l ) ) 

[223 14-1 + 1 

[233 al+ar 

[243 AR+lt ( 1+1 )|ACELL 

[253 +LOOP2X\(I<((fACELL)-l)) 

[26 3 ndat + e( ( ( ( (f acell)-i ) , ( ( f vcell )-i ) ) f ctot ) ) 

[273 PSELf MDAT — ( +/ f NDAT ) 

[283 R 1 + 1 NDAT IS NUMBER OF DATA POINTS IN A CELL * 

[293 R2f RSEL = PROPORTION OF DATA POINTS IN A CELL* 

[303 *<- 2 42 M*l>*2) 

V 

[313 ♦ 
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